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ABSTRACT
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Potential oil-prone areas for the Mississippian Leadville Limestone were identified in the northern Paradox Basin
(Paradox fold and fault belt), Utah, based on hydrocarbon shows using low-cost epifluorescence techniques. The

trapping mechanisms for Leadville producing fields are usually anticlines bounded by large, basement-involved normal
faults. Epifluorescence microscopy is a technique used to provide information on diagenesis, pore types, and organic
matter (including “live” hydrocarbons) within sedimentary rocks. It is a rapid, non-destructive procedure that uses a
petrographic microscope equipped with reflected-light capabilities, a mercury-vapor light, and appropriate filtering.

Approximately goo cutting samples were selected from 32 wells penetrating the Leadville Limestone (six gas,

condensate, and oil wells, as well as 26 non-productive wells) throughout the region. These cuttings (generally four to
ten samples per depth interval from each well) display intercrystalline porosity and occasional small vugs or molds. A
qualitative visual rating (a range and average) based on epifluorescence evaluation was applied to the group of cuttings
from each depth interval in each well. The highest average and highest maximum epiflourescence from each well were
plotted and mapped.

As expected, productive wells (fields) are distinguished by generally higher epifluorescence ratings. However, a regional
southeast-northwest trend of relatively high epifluorescence parallels the southwestern part of the Paradox fold and fault
belt while the northeastern part shows a regional trend of low epifluorescence. This implies that hydrocarbon migration
and dolomitization were associated with regional northwest-trending faults and fracture zones, which created potential

oil-prone areas along the southwest trend.
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STRATIGR APHIC COLUMN OF A PORTION OF THE PALEOZOIC SECTION
DETER MINED FROM SUBSURFACE WELL DATA IN THE PARADOX FOLD
AND FAULT BELT, GRAND AND SAN JUAN COUNTIES, UTAH
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SCHEMATIC BLOCK DIAGRAM OF THE PARADOX BASIN

DISPLAYING BASEMENT-INVOLVED STRUCTURAL TRAPPING
MECHANISMS FOR THE LEADVILLE LIMESTONE FIELDS
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2 — Cretaceous
3 — Triassic and Jurassic
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Mississippian Leadville
: Limestone Traps
Modified from Petroleum
Information (1984); original
drawing by J.A. Fallin.
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METHODS

Epifluorescence microscopy has been used extensively within industry and research for enhancing petrographic observations, including

the recognition of depositional and diagenetic fabrics within recrystallized limestone and massive dolomite. The study of pore structures,
microfractures, and microporosity within both carbonates and sandstones has been greatly facilitated by impregnating these voids with

epoxy spiked with fluorescing dyes. Epifluorescence petrography for this project used incident (reflected) blue-light Huorescence microscopy
employing the use of the modified “white card” technique. Fluorescence data and observations collected for this study utilized a Jena (now
part of Carl Zeiss) research-grade combination polarizing-reflected light microscope equipped with a high-pressure mercury vapor lamp for
epifluorescence excitation, a Zeiss IIIRS epifluorescence nosepiece, and a 35-mm camera system. Magnification ranges for examination

and photo-documentation were between about 130 and 320x. Blue light (about 420-490 nm exciter filter/520 nm barrier filter) was used to
excite the cuttings and core-chip samples. We have found broad-band, blue-light epifluorescence to be the most helpful in observational work
on dolomite, although some workers report applications using UV light (330-380 nm exciter filter/420 nm barrier filter) or narrow-band,
blue-violet light (400-440 nm exciter filter/480 nm barrier filter). Finally, the greater depth of investigation into a sample by the reflected
Huorescence technique than by transmitted polarized light or other forms of reflected light makes it possible to resolve grain boundary and
compositional features that are normally not appreciated in cutting or thin-section petrography.

Wells penetrating the Leadville Limestone in the Utah part of the Paradox fold and fault belt were plotted and all Leadville well cuttings
available from the collection at the Utah Core Research Center were compiled. Cuttings were examined under a binocular microscope and
porous samples of dolomite and some limestone were selected from various zones over the Leadville section: generally four to ten samples
per depth interval from each well. The cuttings were placed on Petrologs™, a small plastic, self-adhesive compartmentalized cutting storage
unit, for epifluorescence examination. (All Petrologs™ containing Leadville cuttings from the project are stored at the Utah Core Research
Center and are available to the public.) Thus, sample preparation is inexpensive and rapid.

Examination of cuttings included photo-documentation under epifluorescence and plane-polarized light at the same magnification.
Photomicrography of the compositional, textural, and pore structure attributes was done using high-speed film (ISO 800 and 1600)

with some bracketing of exposures as camera metering systems do not always reliably read these high-contrast images in the yellow and
oreen light spectrum. Since the image brightness is directly proportional to magnification, the best images are obtained at relatively high

magnifications (such as greater than 100X). Low-power Huorescence is often too dim to etfectively record on film.

Epifluorescence petrography makes it possible to clearly identify hydrocarbon shows in Leadville cuttings selected for study. A qualitative
visual rating scale (a range and average) based on epifluorescence evaluation was applied to the group of cuttings from each depth in each
well. Using the qualitative visual rating scale, the highest maximum and highest average epifluorescence readings from each well were

plotted and mapped.

CLOSE-UP VIEWS OF PETROGRAPHIC CHARACTERISTICS OF [ EADVILLE
CUTTINGS AS OBSERVED WITH A BINOCULAR MICROSCOPE

Large, single sample

& of tight dolomite with
widely spaced small vugs
from 7780 to 7790 ft in
the Hatch Mesa 1 well
(SE1/4SW1/4 section 22,
T.28S.,R. 21 E,,

San Juan County).

Sample showing stylolite
overprinted with dolomite
replacement from 7800 to
7810 ft in the Hatch Mesa
1 well; note possible sulfide
replacement.

Sample of white dolomite
8 with good intercrystalline
|l porosity from 7790 to
o | 7800 fi contains bitumen
in the Hatch Mesa 1
well; note possible sulfide
replacement (opaque).

Sample showing dolomite
containing small vugs
and intercrystalline
porosity lined with
bitumen from 10,020
to 10,023 ft in the Pure
USA Big Indian 1 well

N (SE1/4SE1/4 section 33,
I.29 S., R. 24 E.,
San Juan County).

Barrier Filter
(trans 2590 nm)

(GENER ALIZED MICROSCOPE OPTICAL CONFIGUR ATION FOR
(OBSERVING FLUORESCENCE UNDER [NCIDENT LIGHT

Exciter Filter
l(trans 515-560 nm)

Hg-vapor
<3 light (-350

Beam Splitter
reflects <580 nm

to 800 nm)

|:transmits >580 nm

Objective Lens

Modified from
Soeder (1990)
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Weak fluorescence, rated
1.0, medium to coarsely
crystalline dolomite with §
fairly good bitumen-lined,
intercrystalline porosity §
from 9150 to 9160 ft in the §
Pure Spiller Canyon 1 well §
(SW1/4SW1/4 section 10,
1. 30 S., R. 25 E., San Juan
County); note abundant
iron distribution (red),
bitumen is black.

Bright fluorescence,
rated 3.0, in medium
crystalline dolomite
with fair to good
intercrystalline porosity
from 5935 t0 5945 ft in
the Federal Hatt 1 well
(SE1/4SE1/4 section 19,
T.23S.,R. 14 E,
Emery County).

Polished Thin Section

(fluoresces at -650 nm)

Example of cuttings selected from various Leadville
zones between 6875 to 7075 ft, Pure Mineral Point
1 well (section 7, T. 26 S., R. 18 E., Grand County),

placed on Petrologs™ for epifluorescence examination.

EXAMPLES OF CUTTINGS SELECTED FROM VARIOUS [ EADVILLE
7ONES AS OBSERVED WITH A BINOCULAR MICROSCOPE

Overview of dolomite cuttings (16X) from 9410 to 9420 ft containing
porosity and bitumen in the Pure Spiller Canyon State 1 well
(SW1/4SW1/4 section 16, T. 30 S., R. 25 E., San Juan County).

Overview of dolomite cuttings (13X) from 7800 to 7810 ft containing
porosity and stylolites in the Hatch Mesa 1 well (SE1/4SW1/4 section 22,
T. 28 S., R. 21 E., San Juan County).

Overview of dolomite cuttings (12X) from 10,020 to 10,023 ft containing
porosity and bitumen in the Pure USA Big Indian 1 well (SE1/4SE1/4
section 33, 1. 29 S., R. 24 E., San Juan County).

Single white dolomite cutting (14X) with good intercrystalline porosity from
7790 to 7800 ft containing porosity and stylolites in the Hatch Mesa 1 well.

PHOTOMICROGR APHS UNDER MODERATE MAGNIFICATION SHOWING
EXAMPLES OF VISUALLY RATED EPIFLUORESCENCE

R ATING

fluorescence may indicate very tight oil-bearing rocks or mature,

KEY TO THE EPIFLUORESCENCE QUALITATIVE VISUAL ‘RATING” SCALE e "
GENER ALIZED [NTERPRETATION s
0—o0.5 |[No Fluorescence: Not capable of oil production. May be wet, if b, 8 ;
not a gas-bearing zone. R L e
Weak Fluorescence: An “0il” show. Indicative of oil in the " N ._f ;
system, but not necessarily capable of production. Some dull or . Y g
weak fluorescence may exist in a wet zone (especially if there is el o
“speckled” fluorescence) or in a mixed oil /water zone. ;

No to very weak fluorescence,
rated 0.2, medium to
coarsely crystalline dolomite
containing bitumen and iron
from 10,020 to 10,023 ft in
the Pure USA Big Indian 1
well (SE1/4SE1/4 section 33,
I.29 S.,R. 24 E.,

San Juan County).

Moderate Fluorescence: A good indication of oil within this
zone. Probably capable of some oil production if there is
adequate porosity and permeability.

Moderate fluorescence,
rated 2.0, fine to
medium crystalline
dolomite from 10,240

44 | to 10,250 ft in the Gulf
i ™ E Muleshoe 1 well (section
. TP ;g B 85 R 2 z

e | San Juan County).
.y -

Bright Fluorescence: A very good to excellent indication of oil
within this zone. Should be capable of some oil production if
there is adequate porosity and permeability.

L

Very Bright, Intense Fluorescence: Also a very good to excellent
indication of oil within this zone. However, some very bright

oil-generating source rocks.
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WELLS IN THE PARADOX FOLD AND FAULT BELT, UTAH,

CONTAINING LEADVILLE LIMESTONE CUTTINGS

EVALUATED USING EPIFLUORESCENCE TECHNIQUES

MAP OF THE HIGHEST MAXIMUM EPIFLUORESCENCE BASED ON VISUAL
R ATING OF WELL CUTTINGS, PARADOX FOLD AND FAULT BELT, UTAH
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5 Gogigs?fnt CSENE 17 23S 17E Grand 8732-8737 16 2.5 2.0
6 Chaffin 1 NENW 21 23S 15E Emery 7460-7540 | 20 1.5 1.2
7 Federal Hatt1 | SESE 19 23S 14 E Emery 5905-6020 33 3.0 2.3
3 Gov 455 5 24S 15E Emery 6399-6935 5 0.5 0.2
9 State 12-11 | SWNW 11 24S 20E Grand 11,810-11,850 | 50 1.0 0.7
10 Federal31 | NWSE 31 248 23F Grand |10,450-10,760| 27 1.5 0.3
1T | Gruvers Mesa 2 10 258 16E Emery 6750-6910 | 32 2.2 1.8
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20 Federal Ornsby 1 | NWNE 3 27S 19E Wayne 7740-7810 25 2.0 I.5
21 Gold Basint |NWNW 1527S 24E| San Juan |14,300-14,410| 37 2.0 0.3
22 Putnam 1 SENE1527S22E | San Juan | 7410-7490 | 30 0.3 0.3
23 Ugi{{ﬁiﬁ“ SESE1727522E | San Juan 7030-7070 53 1.0 0.3 s
24 Muleshoe 1 2 28S 23E San Juan |10,240-10,280, ¢ 2.0 0.2 _3801'\'
25 Lockhard Fed 1 | SW 22 28S 20E San Juan 5130-5I50 37 2.5 2.0 |
26 Hatch Mesa1 | SESW 22 28S 21E | San Juan 7780-7820 23 2.5 1.0 RISE il
277 | USA Big Indian 1 NWSEZSfEﬁ 295 | San Juan | 9960-10,090| 55 1.5 1.0 EXPLANATION
2.3 State 1 32.29.5S 24E San Juan 0335-93852 16 3.0 2.5 Color code
209 | NW Lisbon St. A 2 308 24E San Juan 0710-9725 12 2.0 1.0
30 | Lisbon Valley C-1| NENW 9 308 24E | San Juan 38765-8770 2.0 1.5 I.0 005
31 Lisbon 814-A CNWSZYEM 35 | San Juan | 8870-8930 | 30 3.0 2.0 107
32 Spﬂlsefa;a?yon SWSW1630S 25E| San Juan | 9o80-9420 | 75 1.0 0.7 2.0 I
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

1. The Mississippian Leadville Limestone is a shallow, open-marine, carbonate-shelf deposit. The Leadville has produced
over 53 million barrels (8.4 million m?) of oil from seven fields in the Paradox fold and fault belt of the Paradox Basin,
Utah and Colorado. Most Leadville oil and gas production is from basement-involved structural traps. All of these fields
are currently operated by independent producers. This environmentally sensitive, 7500-square-mile (19,400 km?) area is
relatively unexplored. Only independent producers continue to hunt for Leadville oil targets in the region.

2. Epifluorescence petrography makes it possible to clearly identify hydrocarbon shows in Leadville cuttings selected for
study. It is a non-destructive procedure that can be done using a petrographic microscope equipped with reflected light
capabilities, mercury-vapor light, and appropriate filtering. Sample preparation is inexpensive and rapid.

3. Cuttings from 32 productive and dry exploratory wells penetrating the Leadville Limestone in the Utah part of the
Paradox fold and fault belt were examined under a binocular microscope. Over goo samples of porous dolomite and
some limestone were selected from various zones over the Leadville section for epifluorescence evaluation.

4. Epifluorescence allows one to observe the presence or absence of any soluble hydrocarbons, especially in high porosity
dolomite. Samples displaying luorescence represent areas where hydrocarbons may have migrated or accumulated. It
no fluorescence is observed in porous dolomites, the samples are also good representatives of areas where hydrocarbons
have not migrated or accumulated.

5. A qualitative visual “rating” scale (a range and average) based on epifluorescence evaluation was applied to the group
of cuttings from each depth in each well. The highest maximum and highest average epifluorescence readings from
each well were plotted and mapped.

6. The maps show a regional southeast-northwest trend of relatively high epifluorescence for Leadville cuttings that
parallels the southwestern part of the Paradox fold and fault belt from Lisbon field to west of the town of Green River.
The northeastern part of the fold and fault belt shows a regional trend of low epifluorescence including a large area of
essentially no epifluorescence centered around the town of Moab. As expected, productive Leadville wells have cuttings
distinguished by generally higher epifluorescence readings.

7. Hydrocarbon migration and alteration dolomitization were associated with regional northwest-trending faults and
fracture zones, which created potential oil-prone areas along the southwest trend. Hydrocarbons may have migrated
from organic-rich shales in the Pennsylvanian Paradox Formation where they are in contact with the Leadville Limestone
along faults. Hydrothermal alteration associated with these faults and related fracture zones may have generated late,
porous dolomite and thus produced diagenetic traps. Hydrocarbons flushed out to the southwest by hydrodynamic
processes may also account for the lack of significant epifluorescence in the northeast trend. In addition, these
epifluorescence trends could be related to facies or karst development in the Leadpville.

8. Exploration efforts should be concentrated in epifluorescence suggested oil-prone areas along the southwest part of
the Paradox fold and fault belt.
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